Given their relatively small area, mangroves and their organic sediments are of disproportionate importance to global carbon sequestration and carbon storage. Peat deposition and preservation allows some mangroves to accrete vertically and keep pace with sea-level rise by growing on their own root remains. In this study we show that mangroves in desert inlets in the coasts of the Baja California have been accumulating root peat for nearly 2,000 y and harbor a belowground carbon content of 900-34,00 Mg C/ha, with an average value of 1,130 (± 128) Mg C/ha, and a belowground carbon accumulation similar to that found under some of the tallest tropical mangroves in the Mexican Pacific coast. The depth-age curve for the mangrove sediments of Baja California indicates that sea level in the peninsula has been rising at a mean rate of 0.70 mm/y (± 0.07) during the last 17 centuries, a value similar to the rates of sea-level rise estimated for the Caribbean during a comparable period. By accreting on their own accumulated peat, these desert mangroves store large amounts of carbon in their sediments. We estimate that mangroves and halophyte scrubs in Mexico's arid northwest, with less than 1% of the terrestrial area, store in their belowground sediments around 28% of the total belowground carbon pool of the whole region.
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blue carbon | carbon sequestration | mangroves | peat | Baja California M any studies have highlighted the importance of mangroves and other coastal ecosystems in belowground carbon storage. Duarte and Cebrián (1) showed that mangroves allocate ca. 40% of their net primary productivity (NPP) to excess photosynthetic carbon that is either exported to lagoon and ocean waters or stored underground. According to these authors, marine angiosperms, which contribute only 4% of total ocean NPP, generate ca. 30% of total ocean carbon storage. Based on data from the Indo-Pacific region, Donato et al. (2) (also see Murdiyarso et al., ref. 3) concluded that mangroves are among the most carbon-rich tropical forests in the world, containing on average 1,023 Mg C/ha, and estimated that the organic-rich soils of mangrove swamps account for the majority (71-98%) of total carbon storage in estuarine ecosystems. Similarly, in a review paper on the role of vegetated coastal habitats in sequestering atmospheric CO 2 , Mcleod et al. (4) concluded that, globally, mangroves have a disproportionate importance in sequestering and storing carbon within their sediments. Other studies (5, 6) have highlighted the large economic value of mangroves as carbon sinks and their potential role in reducing carbon emissions from forest loss. None of these papers, however, analyzes the natural history of the belowground carbon stored in mangrove sediments.
Exploring the long-term vertical accretion of mangroves in relation to Holocene sea-level rise, other authors have devoted considerable effort to describing the nature of belowground organic matter in mangrove forests. For example, Toscano and Macintyre (7) were able to construct a Holocene sea-level curve for the western Atlantic using 14 C radioisotopic dating of coral reef cores and mangrove peat from the Florida Keys and Belize. Following on this work, researchers in Florida and the Caribbean have shown that peat formation has allowed Caribbean mangroves to rise gradually on their own peat during the Holocene, thus adjusting to rising sea levels (8, 9) . These studies have shown that biotic processes, namely the subsurface accumulation of refractory mangrove roots, or mangrove "peat" (10, 11) , have allowed mangroves in Caribbean cays to adjust to the rising sea levels that took place globally during the Holocene after the last Pleistocene glaciation. None of these studies on peat formation, vertical accretion, and Holocene sea-level rise has framed its results in terms of rates of carbon sequestration or belowground carbon storage, with the exception of Adame et al. (12) , who used a volcanic ash sedimentary layer as a dating point to estimate the rate of carbon sequestration in La Encrucijada Lagoon in Chiapas, Mexico.
There clearly are differences in the approach taken by each school of research in the study of belowground organic matter in mangrove sediments. Researchers studying vertical accretion and sea-level rise emphasize the role of mangrove peat (i.e., partially decomposed, fibrous remains of mangrove tissues) and discuss under what conditions peat, as opposed to amorphous organic matter or "muck," forms (9-11). In contrast, studies on belowground sequestration do not make a clear distinction between peaty and amorphous remains of belowground mangrove tissues. Donato et al. (2) for example, described mangrove soils as consisting of a "tidally submerged suboxic layer (variously called 'peat' or 'muck') supporting anaerobic decomposition pathways and having moderate to high C concentration." However, the difference between peat and muck in the study of carbon sequestration in wetlands is important. Mangrove muck, as found, for example, in Avicennia mudflats, is a mixture of mineral sediments and finely disintegrated organic matter that has been thoroughly mixed by bioturbation from burrowing crabs Significance Despite their small height and stunted appearance, mangroves along the desert coasts of Baja California have compensated for sea-level rise during the last two millennia by accreting on their own root remains. In doing so, they have accumulated very large amounts of carbon in their sediments (900-3,000 Mg C/ha), often higher than that accumulated under tall, lush, tropical mangrove forests. Mangroves represent the largest carbon sink per unit area in Mexico's northern drylands. Our results highlight the global importance of mangrove conservation in this region.
and other invertebrates as well as by abiotic processes (13) . Because muck lacks identifiable organic fragments and is commonly highly mixed, core samples cannot be used reliably for radiocarbon dating. Peat, in contrast, is a brown-reddish, fibrous network of only partially decomposed rootlets that are susceptible to botanical identification. Peat presents an invaluable record of changes in the environment through recognizable fragments of plant tissue (14) that can be used to identify the origin of stored carbon and to date the age of the fragments through radiocarbon methods. Despite its potential importance in estimating carbon sequestration rates, little is known about the conditions under which mangrove peat forms and the role it plays in belowground carbon storage in tropical coastal wetlands.
The disproportionate contribution of mangrove ecosystems to global carbon sequestration is particularly noticeable in desert environments. Using a research aircraft to estimate landatmosphere CO 2 fluxes, Zulueta et al. (15) ) of this high productivity is exported (16) .
Two broad questions arise from these results. The first is how much of the carbon uptake performed by desert mangroves is stored in their sediment, and how this storage compares with that in other, more tropical mangroves and desert ecosystems. The second question is in what form, peat or muck, belowground carbon accumulates in desert mangroves. As discussed previously, the question is important because peat lends itself to radiocarbon dating and allows the estimation of historic carbon sequestration rates. In regard to this second question we wanted to achieve three specific goals: (i) to identify the conditions under which peat forms in the sedimentary profile; (ii) to identify the species responsible for peat formation; and (iii) to evaluate the importance of peat formation for belowground carbon storage.
We tested these questions in four locations. Two were in Baja California, representing extreme landscape variations within the desert mangroves of northern Mexico. The first location, Bahía Magdalena, is on a very flat coastal plain on the Pacific side of the peninsula; the second, Balandra, sits on the Gulf of California side and is enclosed by mountains ( Fig. S1 B and C) . We then compared these locations with the two largest tropical mangroves along the Pacific Coast of Mexico: Marismas Nacionales, in the state of Nayarit, and La Encrucijada, in Chiapas near the Guatemalan border (Fig. S1A) .
Results
Total Belowground Carbon.
Bahía Magdalena. Overall, Bahía Magdalena, a non-topographically constrained desert lagoon on a flat coastal plain, had the second lowest belowground carbon values of all sampled locations (Fig.  1A) . The sediments in the upper mudflats and hinterlands were low in carbon content (<200 Mg C/ha; sample depth 0.9-1.6 m), but, in contrast, the Rhizophora fringe forests had total carbon contents of ca. 500 Mg C/ha (sample depth 1.3-1.5 m). Additionally, a receding mangrove fringe coast, where old peat was visibly being washed away by the waves, had a total carbon content of 440 Mg C/ha (sample depth 1.3 m), suggesting that this ecosystem did sequester and accumulate large amounts of carbon in the past. Balandra. A topographically constrained lagoon, Balandra had the highest belowground carbon values for Avicennia germinans of all locations sampled, both mudflat and hinterland, ranging between 400-1,300 Mg C/ha (sample depth 0.6-2.3 m). Much of this carbon is found in the form of fibrous root fragments or mangrove peat. One Rhizophora fringe forest had 894 Mg C/ha (sample depth 0.6 m), and a second one had only 279 Mg C/ha (sample depth 2.0 m), possibly because this forest is expanding into the lagoon and growing on a relatively shallow bank of calcite (Fig. 1B) .
Marismas Nacionales. Despite the large extent of these coastal swamplands, the dominant Avicennia forest of Marismas Nacionales had the lowest belowground carbon values of all four sites, with all cores indicating less than 300 Mg C/ha (sample depth 1.2-1.6 m) (Fig. 1C) . Furthermore, all the carbon in the mangrove sediments in Marismas Nacionales was present in the form of muck, and no visible fragments of fibrous peat were found in the sedimentary profiles of the three sites. La Encrucijada. A tropical mangrove in a high-precipitation area, La Encrucijada had the deepest and most carbon-rich sediments of the four locations, with one 3-m-deep Rhizophora mudflat core reaching over 2,000 Mg C/ha. The lowest carbon values, in a Rhizophora fringe and an Avicennia mudflat, were both still high compared with Marismas Nacionales and Bahía Magdalena (Fig.  1D ). The only nonmangrove core, a Pachira aquatica forest growing in a waterlogged freshwater mudflat, had ca. 1,500 Mg C/ha (sample depth 3.5 m) and was the deepest core overall.
Origin of Mangrove Peat. There was a general correlation between the amount of carbon stored at each location and the nature of the organic matter in the sediment profile. Marismas Nacionales, the location with the lowest amount of belowground carbon, had only muck in the mangrove sediment profile. In contrast, the locations with the highest amounts of carbon in their sediments, Balandra and La Encrucijada, had large layers of fibrous, partially decomposed root remains in the sediment profile (Dataset S1). Observations of these peaty sediments under a dissection microscope showed that in old samples, deep in the sediment layers, the root cortex remains undecomposed and is still clearly identifiable. Microscopic staining of root cortical tissues from living individuals showed a consistent distinction between species. Roots of A. germinans have rows of longitudinally elongated epidermal cells measuring ca. 50-70 μm long and 10-20 μm wide, whereas those of Rhizophora mangle are shorter and wider [described as "root cortex short cells" by Gill and Tomlinson (17)], measuring 20-30 μm long and 30-40 μm wide (Fig. S2 ). With this identification process we could recognize the origin of the peat layers at each location.
We found that at Balandra the large deposits of peat were derived from the growth and accumulation of Avicennia roots in the sediment under a 20-to 40-cm-deep surface layer of mud. At La Encrucijada, in contrast, peat is formed chiefly on the ground surface of the Rhizophora mudflat, around the tangle of stilt roots that reach the ground from the tree stems and branches.
Belowground Carbon Age. The age of the cored sediments in Baja California at their deepest sample ranged between 1,193 and 1,636 y B.P. In Bahía Magdalena we sampled a receding coastal fringe with no live vegetation (only dead mangrove stumps). Although currently there are no live roots, the sediment profile was rich in old, eroding peat whose age at 1 m depth dated back to 1,250 y B.P. (Fig. 2A) . In the Balandra lagoon (north) we cored a dense Avicennia mudflat, whose deepest (and oldest) sample dated 1,193 y B.P. at a depth of 1.3 m, giving way below to a shell calcite layer that dated 5,990 y B.P. In the southern part of Balandra we cored a halophytic hinterland populated by low halophilic vegetation and some sparse, stunted Avicennia. Below the first meter we hit a layer of old Avicennia peat, whose deepest sample dated 1,636 y B.P. at a depth of 1.40 m below the flooded mudflat level. Plotting the calibrated 14 C age of each peat sample in the three cores against the depth of the sample below the flooded mudflat level, we found a very significant linear trend (r 2 = 0.87, P < 0.0001) with a slope of 0.070 ± 0.007 cm/y ( Fig. 2A) . in the freshwater P. aquatica swamp forest.
Plotting the cumulative belowground carbon content against the age of the sedimentary layer in three sites in Baja California, we found that the three cores differed in their initial rates: The Avicennia mudflat at Balandra showed a relatively high carbon sequestration rate during the last two centuries (2.56 Mg C·ha ), but beyond that point the slope of the carbon-age curve stabilized at 0.43 (SE ± 0.04) Mg C·ha −1 ·y −1 (Fig. 2B) . In contrast, both the halophyte hinterland in Balandra and the receding dead fringe in Bahía Magdalena have sequestered almost no carbon during the last five and three centuries, respectively, but before those dates the slopes of the curves (0.365 ± 0.12 and 0.371 ± 0.08 Mg C·ha , respectively) were similar to that found in the Avicennia mudflat.
Belowground Carbon in Other Desert Mangroves. In the other four rocky inlets we sampled, the vertical accretion with deep peat deposits in the Avicennia mudflats was similar to that in Balandra. The amounts of belowground carbon under the mudflats in these inlets ranged from 903 to 3,431 Mg C/ha, with an average of 1,130 (± 128) Mg C/ha (Fig. S3) . These results confirmed that peat formation and vertical accretion tend to develop in topographically constrained mangroves. Furthermore, many of the halophyte hinterlands that are found upslope of the Avicennia mudflats also can contain important amounts of peat and muck derived from past occupation of these habitats by mudflat forests. Pooling all our samples from Baja California, we found that, on average, mangrove hinterlands contain some 232 (± 106) Mg C/ha.
Geographic Analysis. In Mexico, the Sonoran Desert covers 211,967 km 2 , and the Sinaloan and Cape Region tropical thornscrubs cover 23,973 km 2 . On average, warm deserts and tropical drylands store 14 and 20 Mg C/ha of belowground organic carbon, respectively (18, 19) , so these ecosystems jointly store some 345 Tg of belowground carbon. The mangroves in the coasts of these ecoregions cover 1,162 km 2 , of which ∼835 km 2 correspond to sedimentary coastal plains and the rest to spatially restricted C dating of peat fragments collected in the sediment profile plotted against depth (below mean sea level) for three mangrove cores: a dead, receding fringe in Bahía Magdalena (green), a halophyte hinterland with dwarfed Avicennia in Balandra (red), and a mudflat with dense stands of Avicennia in Balandra (blue). Regardless of the current status of the site, the age-depth relationship is consistent across peat cores (r 2 = 0.87, P < 0.0001). The regression line shows the inferred rate of sea-level rise for the last 1,600 y (0.70 ± 0.07 mm/y). (B) Cumulative belowground carbon content in the same three mangrove cores in Baja California as a function of age of the sedimentary layer. In the Avicennia mudflat, carbon has been actively sequestered below ground during recent centuries. In the other two sites carbon sequestration was intense more than 300-600 y B.P. but now is low. The dashed lines represent the major axis fit showing that total carbon content in older peat layers scales up with age of the sediment at similar rates for all three sites. Mean carbon sequestration rates and error range in recent decades for seven sampling locations (measured in megagrams of carbon per hectare per year). In the sites where the rate was estimated using 14 C dating, the rate was calculated from the carbon accumulated over the last century. For the site where the rate was estimated using the Santa María volcanic ash layer as a dating reference, the rate was calculated over 112.1 y (October 1902-December 2014) from the carbon accumulated above the ash layer. mangroves in abrupt shores and rocky islands. The mudflat and fringe forests we studied in Baja California (excluding two recently colonized sites, a hinterland in Bahía Magdalena and a fringe in Balandra) yielded an average of 463 (± 20) Mg C/ha in Bahía Magdalena and 1,130 (± 128) Mg C/ha in Balandra. Multiplying these values by the total area of coastal plain and spatially restricted mangroves, we reached a value of 76 Tg of belowground carbon storage for the regional mangroves. If we add to this value the amount of carbon below halophyte hinterlands (200 Mg C/ha), with a conservative estimate of 1,000 km 2 of hinterland area, the regional estimate of underground carbon in mangroves and associated halophyte scrubs rises to 96 Tg.
Discussion
Although mangroves have long been identified as important carbon sinks, few studies have focused on the mechanisms of belowground carbon storage. There is little information on how much carbon is stored below ground, in what form it is stored, and at what rates it accumulates. Perhaps the most important result of our study is that mangroves located in desert and dryland coasts can store comparable, and often higher, quantities of belowground carbon than their tropical counterparts, contributing disproportionately to the desert carbon pool.
Despite the short height (<3-4 m) and stunted appearance of these mangroves, the amount of belowground organic carbon stored in the topographically restricted mudflats of the Gulf of California was similar to the values we found in the lush mangrove forests of La Encrucijada, where the dominant Rhizophora trees are 30-40 m high, and also are within the range of values reported by Donato et al. (2) for tropical mangroves in the IndoPacific region.
Coastal Landscapes and Carbon Sequestration in Mangroves.
The coastal landforms where the mangroves grow seem to play an important role in the amount of belowground storage. Although Balandra and Bahía Magdalena occur at similar latitudes and climates, the latter shows much lower values of belowground carbon storage. The main difference between the two ecosystems seems to be that Balandra has a pronounced relief where the extension of mangroves is largely constrained by the surrounding slopes, whereas Bahía Magdalena is part of a large, very flat coastal plain where a small increase in sea level will induce mangrove seedlings to establish inland (20) . That is, as discussed by McKee (10), horizontally constrained mangroves tend to adjust to rising sea levels by rising gradually on their own peat, whereas mangroves in large, gently sloping coastal plains respond to changes in sea level or sedimentary accretion by establishing in new habitats, in effect moving the whole ecosystem horizontally as a result of environmental changes. Thus vertically accreting mangroves tend to accumulate large amounts of peat under their mudflats; horizontally dynamic mangroves in coastal plains tend to accumulate less organic matter in their substrate but often cover much larger areas because they tend to expand horizontally with sedimentary inputs (13) . A test of this hypothesis is given by the Marismas Nacionales system, one of the best-studied cases of a Holocene shoreface succession. Its late-Holocene (<5,000 y B.P.) beach ridges are derived from the sediments from the three large rivers that feed the wetlands and make it one of the most dynamically accreting coasts in the world. The entire mangrove ecosystem has expanded into the ocean for the last 5,000 y, at a rate of 2 m/y in certain parts (21, 22, 23, 24) , and, as a result, the carbon content in the sediments is the lowest of all our sampled cores. . After three to five centuries, however, the remaining peat represents an accumulation rate of only ∼0.4 Mg C·ha −1 ·y −1 (only 15-20% of the originally sequestered carbon). The rest, presumably, either has been washed away into the lagoon waters as soluble organic matter or has been re-emitted to the atmosphere as methane or carbon dioxide. Deep peat deposits may appear in the substrate of ecosystems that currently are not fixing large amounts of carbon, such as halophytic scrubs or receding shores with only dead stumps, showing that some coastal ecosystems may retain a large reservoir of carbon accumulated long ago.
Peat can accumulate in different ways depending on the dominant species in the forest. There was a marked difference between the peat formed under Avicennia mudflats in Balandra and that developed under Rhizophora mudflats in La Encrucijada. The root system of Avicennia trees radiates horizontally below ground, forming a layer of live roots some 30-40 cm below the surface of the mudflat. Above the root layer there is a layer of mangrove muck homogenized by the bioturbation that results from the activities of burrowing crabs and other detritivores. Thus, Avicennia trees develop roots immediately below the bioturbation muck layer; from this layer pneumatophores grow upwards to reach the surface, and roots grow down, forming the peat layer. In all cases, microscopy on peat cored below Avicennia mudflats confirmed that the peat remains were the result of belowground accumulation of refractory Avicennia roots (Fig. 3 A and B) .
The mode of formation of Rhizophora peat in La Encrucijada is quite different. The roots of R. mangle branch off from stems, shoots, and secondarily thickened, anchored, aerial roots ( Fig. 3  C and D) . Lateral primary roots develop profusely from the stilt roots as soon as they hit the substrate. These lateral Rhizophora roots have little secondary thickening and form a dense, spongy reticulum that covers the mudflat surface. The trees basically stand on their stilt roots but have little deep anchoring and form peat [often used for palynological studies (25, 26) ] on the surface of the mudflat (17).
Peat and Sea-Level Rise. The depth-age curve for the mangroves of Baja California indicates that sea level in the peninsula has been rising at a mean rate of 0.70 mm/y (SE ± 0.07) during the last 17 centuries. This value does not differ significantly (t = 0.71, P = 0.49) from the value of 0.75 mm/y of sea-level rise rate for the last 2,000 y estimated by Toscano and Mcintyre (7) for the Caribbean using Acropora corals and mangrove peat data. The presence of large amounts of mangrove peat in the rocky bays of the Gulf of California opens many possibilities for studying in detail the patterns of sea-level rise in the region.
The Role of Mangroves in the Regional Carbon Pool. Our results confirm the findings of Donato et al. (2), who characterized Asian mangroves as being extremely carbon-rich. Our carbon pool values and sequestration rates for La Encrucijada in Mexico were higher than those reported by Adame et al. (12) , possibly because (i) we cored deeper for our total carbon estimations and (ii) we used mostly radiocarbon dating instead of the ash layer dating method, because the ash layer does not prevent some roots from tapping through and reaching below the dating layer. Zulueta et al. (15) showed that midday CO 2 sequestration fluxes in desert mangroves were almost one order of magnitude higher than in the surrounding desert scrub. Accordingly, warm deserts and tropical drylands have, on average, 14-20 Mg C/ha of belowground organic carbon, whereas the mudflat and fringe forests we studied in Baja California ranged between 463 and 1,130 Mg C/ha, 23-81 times larger than that of the surrounding desert scrub.
Jointly, the 235,941 km 2 of drylands of Mexico's northwest store around 345 Tg of belowground carbon, whereas the coastal mangroves that fringe the coasts of these ecoregions, with an extent of only 1,162 km 2 , store around 76 Tg of belowground carbon. With only 0.49% of the total area, the mangroves around the Gulf of California store 18% of the total belowground carbon pool of the whole region. If we add to this number the amount of carbon stored in sediments under halophyte scrubs (20 Tg), then mangroves and salty scrubs jointly store around 28% of the total belowground carbon pool in the region.
Methods
Study Sites. The two Baja California locations, Bahía Magdalena and Balandra, were sampled in September 2013. The tropical wetlands in the Pacific coast of mainland Mexico, Marismas Nacionales and La Encrucijada, were sampled in December 2014. Within each location, coring sites were chosen based on two criteria. In Baja California, sampling was systematically stratified into the three landforms that occur at varying distances from the water's edge: fringe, mudflat, and hinterland. We defined the area of forest that meets the lagoon water as the fringe. Moving inland, away from the water's edge, the mudflat, a flat, muddy expanse of forest, appears behind the fringe. Finally, the land-facing edge of the forest, where the mangroves become stunted in growth and begin to give way to other, usually small, halophilic plants, is called the "hinterland." Here the tide reaches very rarely, and the soil is drier and more saline because of the gently rising slope of the sedimentary plain. Mangrove zonation is more complex in tropical mainland Mexico than in Baja California, and sampling was focused around the dominant species present at each site, trying at all times to maintain the basic landform characterization of fringe-mudflat-hinterland. Detailed information on each site is provided in the SI Text.
Sampling Procedure.
Using an open-faced soil sampler (Oakfield Apparatus), we cored into the substrate in 40-cm increments (the length of the corer). We described each distinct sediment layer along each core using the Geotechnical Gauge guide (W. F. McCollough) for color and texture definitions. Samples then were collected at every noticeable change in color or texture of the sediment layers. Extensions were used to continue coring and sampling until the corer could no longer penetrate the substrate, usually when densely compacted sand or a coarse calcite basement was reached. In addition to sampling the substrate, we collected live roots of nearby mangrove and deep belowground roots from the cores for tissue analysis and identification. We collected 17 samples from five sediment cores in Bahía Magdalena, 25 samples from six cores in Balandra, 12 samples from three cores in Marismas Nacionales, and 40 samples from five cores in La Encrucijada. All the sampling data and a detailed description of each core are provided in a publicly accessible data repository (dx.doi.org/10.5061/dryad.5k0g4, also available at ezcurralab.ucr.edu/c-sequestration/mangroves.html).
Laboratory Analyses.
Carbon content. Each sample consisted of a core section 5 cm long, with a diameter of 1.7 cm, a cross-sectional area of 2.27 cm 2 , and a cylindrical volume of 11.35 cm 3 . Samples were dried in an oven at 60°C for 24 h and then were weighed on an analytical balance using aluminum weighing boats. The apparent density of the sample was obtained by dividing the mass of the core sample by the sample volume. After drying, samples were homogenized using an 8000D SPEX Dual Mill (SPEX SamplePrep). All samples were analyzed in a Carlo Erba NA1500 elemental combustion analyzer (Carlo Erba) to determine total carbon and nitrogen. Multiplying the vertical extent of each layer by the apparent density, we obtained the mass per unit-area of each layer in the mangrove substrate; then, multiplying this mass by the percent organic carbon in that layer and summing these carbon masses for all layers in the sediment profile, we obtained the total mass of carbon per unit area at each site. Peat and root microscopy. The collected live root and peat material was cut precisely under a dissection microscope to obtain thin tangential slices of root cortical tissue. The tissue then was stained using Trypan blue solution (0.4%) to color the cell wall structure selectively and identify morphological differences between R. mangle and A. germinans, the two dominant mangrove species in our sites. Dating the sediments. Radiocarbon dating was performed at the Keck Carbon Cycle Accelerator Mass Spectrometry Facility in the Earth System Science Department at the University of California, Irvine. Results from the Keck laboratory were given as a fraction of the Modern Standard D 14 C and conventional radiocarbon age following Stuiver and Polach (27) and then were calibrated using one of two online programs: OxCal (https://c14.arch.ox.ac.uk) to calculate the probable age ranges for all samples preceding nuclear testing in 1950 and Calibomb (calib.qub.ac.uk/CALIBomb) for more recent, postbomb, samples. All dates were calculated in Gregorian, or calendar, years, and then were converted to years B.P. using 2015 (the year of the analysis) as the reference point.
In the two Baja California locations, we chose a subset of samples to undergo 14 C radiocarbon dating to determine the age of the sediments. We dated different samples along the whole coring profile in three sites in Baja California: (i) a dead, receding, fringe in Bahía Magdalena, (ii) a hinterland with stunted Avicennia (but abundant belowground peat) in Balandra, and (iii) a peaty mudflat with dense stands of Avicennia in Balandra. Fig. 3 . Mangrove root systems and peat formation in mangroves. (A) The Avicennia root system at Balandra spreads underground, immediately below the clayey mudflat, forming a flat network of main roots from which pneumatophores emerge to the surface; fine roots are produced below the main root network, forming the underground peat deposits. (B) Individual of A. germinans eroded away by a hurricane at Marismas Nacionales, showing the horizontal network of main roots, the pneumatophores, and the peat-forming, downward-growing fine roots. (C) As Rhizophora root systems at La Encrucijada spread above ground, the individual roots produce abundant fine lateral roots after entering the substrate, forming dense peat deposits mixed with forest litter. (D) Rhizophora mudflat at La Encrucijada (illustration based on our own field observations and compared with descriptions from ref. 16 ).
At La Encrucijada we took five peat subsamples in or near the first meter below the surface to estimate the rate of recent carbon accumulation in three different communities: a Rhizophora, a Pachira, and an Avicennia mudflat. Also at La Encrucijada, we took advantage of the layer of white, sandy clay found consistently below ground throughout the region, a product of the Santa Maria volcano eruption of October 1902. This eruption released a large cloud of volcanic ash that settled throughout the region and eventually was buried under new sediments (12) . We used this layer to add a carbon accumulation rate estimate from an additional Rhizophora mudflat where we had not taken a radiocarbon sample. We did not use the volcanic ash layer as a dating reference in Avicennia or Pachira mudflats because root fragments immediately below the layer dated much younger than the layer itself, suggesting that younger roots were able to penetrate below the layer in their growth and hence the layer was not a reliable indicator of peat profile age.
Carbon Accumulation Rates. We first calculated the rate at which carbon has been sequestered in different ecosystems during recent times. For sites with 14 C dating, we took the core sample that was nearest to a century in age, calculated the total carbon in the sediment profile above that sample, and divided it by the age of the sample to obtain a mean carbon accumulation rate for the last century expressed in megagrams of carbon per hectare per year. In one site in La Encrucijada, where we did not perform radiocarbon dating, we used the layer of Santa Maria volcanic ash from the Chichonal eruption in October 1902 as a dating point. We calculated the total carbon in the sediment profile above the layer and divided it by 112.1 y, the time elapsed between the Chichonal volcanic explosion and our field sampling in 2014.
Combining the carbon-depth and the age-depth data, we created a carbon-age plot for the three sites in Baja California described above. To test how carbon accumulation scaled up with the age of the sediments, we fitted regression functions to different sections of the profile. Because both age and carbon measurements are subject to errors, we used major axis regression for this analysis.
Validating Results: Sampling Other Desert Mangroves. To validate our results from Balandra and Bahía Magdalena, in July 2014 M.T.C. sampled a series of small mangrove forests in the Gulf of California, near the Bay of La Paz. These sites included four topographically constrained inlets very similar in landscape and topography to Balandra: El Merito (two cores), Puerto Gata (seven cores), San Gabriel (two cores), and San José (one core). In each site, we calculated the estimated belowground carbon content from each core.
Extrapolating Results: Geographic Information System Analysis. From Mexico's National Commission of Biodiversity (CONABIO) we obtained the latest map with the distribution of mangroves in Mexico including geospatial vector data (28) and calculated the area of mangrove forests found in the coasts of the drylands of northwestern Mexico, in the Baja California Peninsula, and the mainland states of Sonora and Sinaloa. Multiplying the area of mangroves by the mean amount of carbon stored under these mangroves, we obtained an estimate of the total amount of carbon stored below ground in the regional mangroves. We also downloaded the most recent vectorial data map of the terrestrial ecological regions of Mexico (29) available at CONABIO's website (www.conabio.gob.mx/informacion/gis/maps/geo/ecort08gw.zip) and calculated the area of the main dryland ecoregions around the Gulf of California, including (i) the Sonoran Desert, (ii) the Baja California Desert, (iii) the Sinaloan coastal thorn-scrubs, and (iv) the Cape Region thorn-scrubs. From the published literature (18) we then obtained an estimate of the amount of belowground carbon in each of these ecoregions and calculated an estimate of the total amount of belowground carbon stored in these drylands. We finally calculated the proportion of total carbon stored under mangrove forests in relation to other regional ecosystems.
